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The SOUSY-VHF-Radar i s  a pulsed coherent  radar  opera t ing  a t  53.5 MHz and 
loca ted  nea r  Bad Lauterberg,  West Germany. Since 1977, the f a c i l i t y ,  operated 
by the Max-Planck-Institut f u r  Aeronomie, has been used t o  make a s e r i e s  of 
f r o n t a l  passage observat ions  i n  the sp r ing  and f a l l .  Experiments i n  win te r  have 
been d i f f i c u l t  because pa r t  of the t r ansmi t t i ng  and rece iv ing a r r ay  i s  usually 
covered by snow during t h a t  pa r t  of the year. Wavelengths around 6 m a r e  known 
t o  be s e n s i t i v e  t o  the  v e r t i c a l  temperature s t r u c t u r e  of the  atmosphere (GREEN . 
and GAGE, 1980; RASTOGI and ROTTGER, 1982). Thus, i t  has been poss ib l e  t o  use 
r ada r s  opera t ing  a t  frequencies near 50 MHz t o  loca t e  the tropopause. Compari- 
sons between radar  da ta  and radiosonde data  have shown t h a t  t he re  i s  a l a r g e  
g rad ien t  i n  the  radar  r e f l e c t i v i t y  a t  the height  where the  radiosonde tropopause 
occurs. 
An experiment ca r r i ed  out  by ROTTGER (1979) on March 15-16, 1977, showed 
t h a t  the r a d a r ' s  s e n s i t i v i t y  t o  the v e r t i c a l  temperature s t r u c t u r e  could a lqo  be 
used t o  loca t e  the  pos i t i on  of f r o n t s .  The SOUSY-VHF-Radar c o n s i s t s  of a t rans-  
mi t t i ng  a r r a y ,  a l s o  used f o r  rece iv ing i n  some con£ igu ra t ions ,  t h a t  can be 
scanned i n  the o f f -ve r t i ca l  d i r e c t i o n  but not  a t  s u f f i c i e n t l y  low e l eva t ion  
angles  t o  study the ho r i zon ta l  ex ten t  of s t r u c t u r e s  a s  extended a s  f r o n t s .  GAGE 
and BALSLEY (1978), BALSLEY and GAGE (1980), ROTTGER (1980), and LARSEN and 
ROTTGER (1982) have reviewed UHF and VHF Doppler radar techniques and 
- app l i ca t ions  t o  atmospheric research.  I n  t h e  experiments described here ,  t he  
r a d a r  was operated i n  the spaced antenna mode. ROTTGER and VINCENT (1978) and 
- 
VINCENT and ROTTGER (1980) have described the  method and i.ts advantages. The 
t r ansmi t t i ng  a r r ay  cons i s t s  of 196 Yagi antennas,  and the  r ece ive r s  a r e  t h r e e  2 
s e p a r a t e  a r r a y s  of 32 Yagis each. The e f f e c t i v e  antenna a p e r t u r e  was 2500 m , 
t he  appl ied  average t r ansmi t t e r  power was t y p i c a l l y  20 kW, and the height  
r e s o l u t i o n  was 150 m. Ve r t i ca l  p r o f i l e s  of the  r e f l e c t i v i t y  were obtained i n  
each of the three  r ece ive r  ar rays ,  and i t  was found t h a t  bes ides  the  enhancement 
of the s lgna l  s t rength  associa ted  wi th  the tropopause region,  t he re  was a l s o  a 
secondary band of enhanced r e f l e c t i v i t i e s  s t r e t c h i n g  downward from the upper t o  
the lower troposphere. Comparisons between the radar  da t a  and data  from a 
nearby radiosonde s t a t i o n  show t h a t  the band i s  associa ted  with the temperature 
g rad ien t s  i l l  a passing f r o n t a l  zone. The v e r t i c a l  and ho r i zon ta l  v e l o c i t i e s  
were a l s o  measured during the  experimenfs, but they w i l l  no t  be discussed here.  
The r e s u l t s  of analyzing two events have been presented by ROTTGER (1979, 
lY8 l j ,  ROTTGER and SCHMIDT (1981), and LARSEN and ROTTGER (1983). However, i n  
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t h i s  paper we would l i k e  t o  summarize a more complex da ta  s e t  consis t ing of a 
s e r i e s  of f i v e  observations of f r o n t a l  s t ruc tu re  made with the SOUSY-VHF-Radar 
i n  March 1977, March 1981, November 1981, February 1982, and April 1984. The 
extensive da ta  s e t  shows r e s u l t s  e s sen t i a l ly  i n  agreement with the preliminary 
r e s u l t s .  Comparison of t imejheight c ross  sec t ions  of r e f l e c t i v i t y  measured with 
the  radar  and p o t e n t i a l  r e f r a c t i v i t y  gradients  ca lcula ted from radiosonde data 
taken a t  a nearby locat ion show good agreement. Theref o re ,  we conclude t h a t  the  
r ada r  i s  detect ing the  temperature s t ruc tu re  associated with the f r o n t  and t h a t  
the  enhancement i n  r e f l e c t i v i t i e s  i s  not due t o  p rec ip i t a t ion  or other very 
local ized processes. Also, we have found t h a t  t h e  radar  can be used t o  loca te  
the  f r o n t s  cons i s t en t ly ,  w e n  i n  some cases when the f r o n t s  a r e  r a the r  weak. 
MARCE 15-16, 1977 
A t  0000 UTC on March 15, 1977, a low pressure center  in  the North A t l a n t i c  
was propagating eastward toward the B r i t i s h  I s l e s .  The associated warm f ron t  
and the t r a i l i n g  cold f r o n t  extended southward from the center  of the low. The 
warm f r o n t  a t  the surface had t raversed France and West Germany by 0000 UTC on 
March 17. R e f l e c t i v i t i e s  measured with the SOUSY-VHF-&adar from 1200 UTC on 
March 15 t o  0900 UTC on March 16 a r e  shown i n  Figure 1. Cloud cover observa- 
t i o n s  from two nearby meteorological observatories a re  shown below the 
r e f l e c t i v i t i e s .  
Of p a r t i c u l a r  i n t e r e s t  i s  the band of enhanced echoes s t r e t ch ing  from 4 km 
a l t i t u d e  a t  0000 UTC on March 16 t o  2 km a l t i t u d e  a t  0600 UTC. Extrapolating 
the  slope of the band t o  the surface gave a time for  the surface f r o n t a l  passage 
i n  agreement with t h a t  derived from the  ueather  charts.  Comparison between the 
temperature c ross  sect ion perpendicular t o  the f r o n t  and the  fea tu res  seen i n  
the  radar  r e f l e c t i v i t y  data  showed good agreement. 
MARCH 6-7, 1981 
6 
Figure 2 shows the  r e f l e c t i v i t i e s  observed with the radar  between 1200 UTC 
on March 6 and 0900 UTC on March 7,  1981. The contour i n t e r v a l  i s  2 dB, and the  
s t i p p l i n g  ind ica tes  regions of higher r e f l e c t i v i t y .  The s ignal  s t rength  
generally decreases with height i n  the  troposphere but increases by 10-12 dB 
over a v e r t i c a l  d is tance of 0.5 km o r  so a t  the tropopause. The tropopause 
determinations from Hannover radiosonde da ta  i a  shown by the heavy bars  i n  the 
f igure .  The bar corresponding t o  0900 UTC was ac tua l ly  obtained a t  1200 UTC, 
the  standard synoptic time. 
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Figure 1. Radar r e f l e c t i v i t i e s  a s  a function of height and time measured 
by the  SOUSY-VXF-Radar. Observations from the meteorological observa- 
t o r i e s  a t  Kassel, 60 km southwest, and Hannover, 90 km north-northwest, 
a r e  shown on the l e f t  and r i g h t  s ides  of the boxes, respect ively .  
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Figure 2. Radar r e f l e c t i v i t i e s  a s  a function 
of height and time. Contour i n t e r v a l  i s  
2 dB. Stippled areas  show higher ref lec- 
t i v i t i e s  . 
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The fea tu re  of p a r t i c u l a r  i n t e r e s t  i s  the  band of enhanced echo s t rength  
s t r e t ch ing  downward from the tropopause beginning a t  approximately 1700 UTC. 
The f e a t u r e  i s  associated with a warm f ron t  t h a t  was essen t i a l ly  p a r a l l e l  t o  the 
NNW-SSE d i r e c t i o n  and propagated eastward across  We$t Germany and pas t  the 
radar.  The radar  r e f l e c t i v i t y  i s  proportional t o  M with M given by 
where P i s  i n  mi l l iba r s ,  T i s  absolute temperaturet 9 i s  po ten t i a l  temperature, 
and q i s  the spec i f i c  humidity. The contours of N calcula ted from the 
-- 
Hannover radiosonde data a re  shown i n  Figure 3 with a contour i n t e r v a l  of 4 dB. 
Once again, the s t ippled areas  correspond t o  higher values.  The agreement bet- 
w en the observations and the  calcula ted -values i s  q u i t e  good. The contours of 
- 
1 M show the increase i n  the height of the tropopause a t  1200 UTC on March 7. 
Also, the enhancement of the echoes between 6.8 and 8.3 km a f t e r  0000 UTC on 
March 7 i s  apparent. There i s  an indicat ion of the f r o n t a l  echo band i n  the 
values o i  the po ten t i a l  r e f r a c t i v i t y  a t  0000 UTC a s  shown by the  f e a t u r e  near 
8.75 km a l t r tude .  However, the time reso lu t ion  of the radiosonde data  i s  not 
s u f f i c i e n t  t o  show the d e t a i l s  of the f r o n t a l  zone s t ructure .  
NOVEMBER 4-10, 1981 
I n  the f i r s t  half  the November 1981 observations were made over a period of 
more than a week. The r e f l e c t i v i t i e s  fo r  the period from November 4 (Day 308) 
t o  November 10 (Day 314) a r e  shown i n  Figure 4. On Day 308, the  r e f l e c t i v i t i e s  
decrease with a l t i t u d e  i n  the  troposphere and then begin t o  increase jus t  below 
the  tropopause. A cold f r o n t a l  band i s  observed a f t e r  1600 UTC and s t r e t ches  
upward i n  a l t i t u d e  with time a s  would be expected. Two warm f r o n t a l  bands a r e  
evident a s  enhanced r e f l e c t i v i t y  regions moving downward with time. The f i r s t  
i s  observed near the tropopause a t  0000 UTC on Day 309. The second i s  f i r s t  
seen a t  0600 UTC on Day 310. 
Po ten t i a l  temperatures were calcula ted from the Hannover radiosonde data  
Figure 3. Gradient of po ten t i a l  r e f r a c t i v e  
inaex calcula ted from Hannover radiosonde 
da ta  f o r  the time period corresponding t o  
the r e f l e c t i v i t i e s  shown i n  Figure 2. 
Stippled areas  correspond t o  l a rge r  values. 
. - 
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and have been p lo t t ed  and contoured on a sca le  s imi lar  t o  t h a t  used f o r  the 
r e f l e c t i v i t i e s .  The r e s u l t s  a r e  shown i n  Figure 5. The same general  f ea tu res  
are .  evident i n  both figures.  The packing of the po ten t i a l  temperature contours 
i s  c h a r a c t e r i s t i c  of the  tropopause and s t ra tosphere .  The lower boundary of the  
packing i s  located a t  the same height as  the increase i n  the radar  
r e f l e c t i v i t i e s  associated with the tropopause. The cold f r o n t  and the second 
warm f ron t  show up c lea r ly  i n  the po ten t i a l  temperature data ,  but the f i r s t  warm 
f r o n t a l  band i s  not as c l e a r l y  evident.  Bowever, s a t e l l i t e  photos f o r  t h i s  time 
show two d i s t i n c t  cloud bands. 
During the  time from Nov. 4 to 10,  the radar  s i t e  was i n  a region of 
nor ther ly  flow on the eas tern  s ide  of a s t a t ionary  high pressure system centered 
- 
over the B r i t i s h  I s l e s .  The f r o n t s  t h a t  traversed the radar  s i t e  were confined 
t o  the upper troposphere, a s  the  po ten t i a l  temperature cross  uection shows. 
- . - -- FEBRUARY 7-9, 1982 
The r e f l e c t i v i t i e s  measured by the  radar  during the period from February 7 
'to 9,. 1982, a r e  shown i n  Figure 6. Once again the s t ippled areas  represent  
3 io 
Julian Day 1981 
Figure 4. Ref lec t iv i t i e s  measured by the SOUSY-VHF-R~~~~ during the 
period from NOV. 4 to l o ,  1981. 
Potential Tern~. 
Julian Day 1981 
Figure 5. Po ten t i a l  temperatures ca lcula ted from the Hannover radio- 
sonde data  f o r  the period corresponding t o  the r ada r  r e f l e c t i v i t i e s  
shown i n  Figure 4. 
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Figure 6 ;  Sane as  Figure 2 but f o r  February 7-9, 1982. 
l a r g e r  r e f l e c t i v i t i e s .  However, t h i s  time the intermediate values have been 
c ross  hatched, a s  well. The typical  f ea tu res  already noted i n  the previous 
examples a r e  present. The echo s t rength  decreases with a l t i t u d e  i n  the tropo- 
sphere, but there  i s  an enhancement i n  the r e f l e c t i v i t i e s  i n  the upper tropo- 
sphere associa ted with the temperature discont inui ty  t h a t  defines the locat ion 
of the tropopause. .The heavy c i r c l e s  show the  tropopause height determined from 
the  Hannover radiosonde. 
Near 1200 UTC on February 8 ,  a band of enhanced r e f l e c t i v i t i e s  associa ted 
wi th  a warm f r o n t  s t r e t c h e s  downward from the tropopause. Beginning a t  approxi- 
mately 0200 UTC on February 8 ,  a band of intermediate r e f l e c t i v i t i e s  s t r e t ches  
upward i n  connection with a cold f r o n t  associa ted with the low pressure 
system. The cold f r o n t  f o r  t h i s  p a r t i c u l a r  event was much weaker than the warm 
f r o n t ,  and the  di f ference i n  s t rength  accounts fo r  the di f ference i n  the 
magnitude of the r e f l e c t i v i t i e s .  
We have a l s o  calcula ted the  po ten t i a l  r e f r a c t i v e  index gradient $ based 
on Hanuover radiosonde data.  The v e r t i c a l  time sect ion i s  s o m  i n  Figure 7. 
The same fea tu res  a r e  evident i n  both the r e f l e c t i v i t y  and 3 cross  sections.  
More de ta i l ed  ana lys i s  of the  event i s  given by M S E N  and ROTTGER (1983). 
APRIL 9-13 , 1984 
Observations were made with the SOUSY-VHF-Radar over a f i v e  day period i n  
Apri l  1984. Prom 1200 UTC on April 9 u u t i l  1200 UTC on April  11, the  radar  was 
located i n  a region of nor ther ly  flow on the eas tern  s ide  of a s t a t i o m r y  high 
pressure s y s t a .  During t h i s  time a number of mesoscale disturbances with 
hor izonta l  scales  of 50 t o  100 Ian developed i n  the  region. Most did not  pass 
the  radar,  but one such s y s t a  was observed near  0000 UTC on April  11. The 
rada r  r e f l e c t i v i t i e s  a r e  shown i n  Figure 8. 
The s igna l  s t rength  showed an e n c h m c a e n t  i n  the upper troposphere during 
t h e  pasaage of the mesoscale system, but the  f ea tu re  i s  not a s  narrow and does 
not  snow the  tilt c h a r a c t e r i s t i c  of the o the r  f r o n t a l  passage observations t h a t  
we have presented. Late i n  the  day on April  12 a surface f r o n t a l  passage took 
place ,  a s  shown by the  weather char ts  and s a t e l l i t e  photographs. The fea tu res  
typ ica l  of a f r o n t a l  passage a r e  c l ea r ly  present i n  the  r e f l e c t i v i t y  da ta  
beginning a t  about 1600 UTC on April 11. A band of enhanced echoes begins t o  
descend from the height of the  tropopause and s t r e t ches  downward toward the  
surface. The a i r  mass following the  f r o n t a l  passage then has a higher tropo- 
-- - 
Time 
Figure 7. Sane a s  Figure 3 but corresponding t o  the data  shown 
i n  Figure 6. 
I'. -v.. 
Figure  8. Sme a s  i n  Figure 2 but f o r  the period April 9-13, 1984. 
. . 1 3  
pause height than the  a i r  mass pr ior  t o  the f r o n t a l  passage. The morphology i n  
t h i s  event is  very s imi la r  t o  the morphology i n  the other  four events presented 
here. 
CONCLUSION 
3 
Observations of f i v e  separate  f r o n t a l  passage events made with t h e  
SOUSY-VEF-Radar have shown t h a t  a radar  operating a t  a frequency near 50 MBz can 
be used t o  detect  the locat ion of f r o n t s  on a rout ine  basis.  The SOUSY-VHF- 
b e a r  does no t  operate  on a continuous basis.  While the observation periods 
were c k s e n  on the bas i s  t h a t  it would be l i k e l y  t h a t  a f r o n t a l  passage would 
take  place a t  the  locat ion of the  radar ,  no attempt was made t o  choose only the 
s t rongest  or most developed f ronts .  I n  f a c t ,  the  f r o n t  observed i n  April  1984 
and the  cold f r o n t  observed i n  February 1982 did  not  have pa r t i cu la r ly  s t rong 
temperature gradients.  
The comparisonsbetween rada r  and radiosonde data have shown good agreement, 
indicat ing t h a t  the f ea tu res  seen i n  the  r ada r  r e f l e c t i v i t y  da ta  a r e  
c h a r a c t e r i s t i c  of the f r o n t a l  temperature s t ruc tu re  and a r e  not associa ted with 
p r e c i p ~ t a t i o n  or loca l  convection. That is par t i cu la r ly  t rue  s ince  the 
separat ion between the  radar  s i t e  and the  neares t  radiosonde s t a t i o n  i s  approxi- 
mately 90 km. 
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